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Construction of genetic linkage maps for nonhuman primate species provides information and tools that are useful for comparative analysis of
chromosome structure and evolution and facilitates comparative analysis of meiotic recombination mechanisms. Most importantly, nonhuman
primate genome linkage maps provide the means to conduct whole genome linkage screens for localization and identification of quantitative trait
loci that influence phenotypic variation in primate models of common complex human diseases such as atherosclerosis, hypertension, and
diabetes. In this study we improved a previously published baboon whole genome linkage map by adding more loci. New loci were added in
chromosomal regions that did not have sufficient marker density in the initial map. Relatively low heterozygosity loci from the original map were
replaced with higher heterozygosity loci. We report in detail on baboon chromosomes 5, 12, and 18 for which the linkage maps are now
substantially improved due to addition of new informative markers.
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primate species provides information and tools that are useful
for a number of purposes. One application of genetic linkage
mapping data is the comparative analysis of chromosome
structure and evolution. Linkage or recombination-based
mapping data can also provide insight into differences among
species in rates of recombination per megabase and thus
facilitate comparative analysis of the mechanisms of meiotic
recombination [1,2]. Possibly the most important application for
genetic linkage maps of nonhuman primate genomes is in the
performance of whole genome linkage screens designed to
locate and identify quantitative trait loci (QTL) that influence
phenotypic variation in primate models of basic human biology
or human diseases.
Whenever a substantial number of homologous genetic
markers are analyzed and mapped in more than one species, it is
possible to compare locus order and chromosome organization⁎ Corresponding author.
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doi:10.1016/j.ygeno.2006.03.020across those species [3,4]. These comparative maps can be
constructed using linkage analysis (e.g., [5]) or through physical
mapping methods, such as radiation hybrid mapping [6] or BAC
end sequencing. A number of different strategies, but most
importantly whole chromosome painting (e.g., [7–9]), have
been used to demonstrate homologies among chromosomes
across a large number of primate species. But chromosome
painting cannot identify differences in the order of specific gene
loci located along a set of orthologous chromosomes in various
species. Comparative karyotype or chromosomal banding
studies can provide information concerning inversions or
translocations that distinguish the chromosomes of nonhuman
primate species (e.g., [10]), but these approaches lack the
resolution of comparative linkage mapping and have not always
produced consistent results (e.g., [11,12]).
Previous studies of baboons (Papio hamadryas) using whole
chromosome painting [13] and chromosome banding (e.g.,
[12,14]) have established homologies between specific chro-
mosomes of this Old World monkey and humans. Development
of a first-generation genetic linkage map for the baboon genome
[5] showed that the locations of individual loci within several
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microsatellite loci) are quite different from the relative
positions of those loci in humans and were not always
concordant with what was predicted based on chromosomal
banding studies. There are now a number of additional primate
species for which large populations of captive animals with
known pedigrees are available [e.g., rhesus macaques (Macaca
mulatta), African green monkeys (Chlorocebus aethiops), and
pigtailed macaques (M. nemestrina)]. Further work in com-
parative linkage mapping using these species will lead to a
better understanding of comparative primate chromosome
structure and evolution and of differential recombination
rates among species [1,2,15].
However, the most significant impact of genetic linkage
mapping in nonhuman primates has been the use of whole
genome linkage analysis to locate QTL that influence
physiological characteristics known to be risk factors for
common human diseases. Over the past 5 years, the baboon
linkage map has been used in studies related to several
common complex human diseases, and many of these studies
have produced significant evidence for the chromosomal
locations in baboons of biomedically significant QTL.
Kammerer et al. [16] used the initial baboon linkage map
to locate a QTL that influences sodium–lithium countertran-
sport, a physiological marker of ion transport that is
associated with hypertension in humans. Martin et al.
[17,18] identified QTL that affect individual variation in
endocrine metabolism among baboons, especially variation in
serum estrogen levels. Kammerer et al. [19] and Rainwater et
al. [20] reported the mapping of separate QTL involved in the
control of serum levels of low-density lipoprotein cholesterol,
a major risk factor for human cardiovascular disease. Other
QTL related to diabetes [21,22], osteoporosis [23], and other
diseases have also been identified in baboons using the same
linkage map.
One important factor influencing the statistical power of a
genetic linkage analysis to identify QTL is the overall density
of genetic information provided by the polymorphisms that
are mapped along each chromosome. Both the average
spacing between polymorphic loci and the heterozygosity of
those polymorphisms in the specific animal population under
study affect the overall information available in the genome
scan and thus affect the statistical power of that study to
detect QTL [24,25]. The first-generation linkage map of the
baboon genome was sufficiently informative to support whole
genome linkage analyses and produce the results cited above.
However, we have continued to improve the baboon linkage
map by adding more loci. In some cases, we have identified
new loci in regions that did not have sufficient marker density
in the initial map. In other cases, new loci with higher
individual heterozygosity have been substituted for initial
markers that had relatively low heterozygosity in the
pedigreed baboon population. The current status of the full
baboon linkage map, as well as additional information about
specific loci, is available online through the Southwest
National Primate Research Center (http://www.snprc.org).
We report here on three baboon chromosomes for which wenow have substantially improved linkage maps by adding
new highly informative microsatellite polymorphisms.
Results
The baboon whole genome linkage map: overview
The current baboon whole genome linkage map is based on
data from 984 pedigreed baboons (649 females and 335 males)
from 11 extended pedigrees. This represents an increase of
approximately 40% over the number of genotyped animals used
to create the original baboon linkage map [5].
While over 400 “human” microsatellite marker loci have
been amplified in baboons, 284 were sufficiently poly-
morphic, yielded consistent results, and met our criteria of
mapping unambiguously to a unique chromosomal location at
odds of 1000:1 or 100:1. These polymorphic markers have an
average heterozygosity of 0.74 (range 0.13–0.93), a mean
polymorphic information content of 0.72, and an average
spacing of 8.9 cM. The mean number of informative meioses
per marker is 815 (standard deviation, SD = 217) and the
mean number of informative meioses with phase known is
110 (SD = 49).
The total mapped genetic length, calculated by summing the
sex-averaged intermarker distances for ordered autosomal loci,
was 2354 cM. Comparable total genetic length for humans,
calculated by summing the sex-averaged intermarker distances
for the same subset of microsatellite markers in humans, was
2930 cM.
Improved mapping of PHA12
The genetic linkage map for baboon chromosome 12
(PHA12), which is orthologous to the long arm of human
chromosome 2 (HSA2q), is the map most improved by our
recent efforts. In the first-generation linkage map for the baboon
we reported localization of 17 microsatellite marker loci, 15 at
1000:1 odds and 2 at 100:1 odds, on this chromosome [5]. We
have now added 13 more microsatellite markers mapped at
1000:1 odds, 2 of which were those previously mapped at 100:1
odds (Fig. 1). This 76% increase in the number of marker loci
also increased our estimate of the sex-averaged genetic length of
the mapped portion of this chromosome from approximately 88
to 136 cM. When we consider the 28 markers mapped at 1000:1
odds, the new markers decrease the mean intermarker interval
from 5.9 to 4.9 cM. The number of alleles per microsatellite
marker locus on PHA12 ranges from 4 to 23, with a mean of 11.
The estimates of heterozygosity for these marker loci range
from 0.46 to 0.91, with a mean estimate equal to 0.78. Last, the
newer data reveal a likely complex rearrangement, not seen in
the original map [5], near the q-terminus of PHA12. In this
rearrangement, the order (pter to qter) of the last 3 microsatellite
marker loci mapped on PHA12 is D2S2176, D2S2338, and
D2S206, while their order on HSA2q is D2S206, D2S2176, and
D2S2338. The maximum likelihood of the “rearranged” baboon
order for these markers is significantly greater than that for the
human order (p = 4.849 × 10−12).
Fig. 1. Human microsatellite marker loci locations on genetic linkage map of baboon chromosome 12 (Pha 12) and human chromosome 2q (Hsa 2q). New markers are
indicated by double asterisks; markers published in Rogers et al. [5] that mapped at less than 100:1 odds and now map at 1000:1 are denoted by a single asterisk.
“(Mfld)” indicates that the human microsatellite order is based on the Marshfield Center for Human Genetics linkage map.
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The genetic linkage map for baboon chromosome 18
(PHA18), which is orthologous to the human chromosome ofFig. 2. Human microsatellite marker loci locations on genetic linkage map of baboon
indicated by double asterisks. “(Mfld)” indicates that the human microsatellite orderthe same number (HSA18), is the second most improved. The
first-generation linkage map of this chromosome contained 11
microsatellite marker loci mapped at 1000:1 odds and 1 at 100:1
odds [5]. In the current map, an additional 7 microsatellitechromosome 18 (Pha 18) and human chromosome 18 (Hsa 18). New markers are
is based on the Marshfield Center for Human Genetics linkage map.
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number to 18—an increase of more than 63% (Fig. 2). This net
gain represents the addition of 9 new marker loci and the
dropping of 2 others (1 of which had been localized previously
with lower confidence at 100:1 odds) from the original map.
One of these new markers, designated as D18Pha1, is a baboon-
specific microsatellite marker locus discovered in intron 9 of
baboon LIPG. Addition of the 7 markers that mapped at 1000:1
odds increased the estimated sex-averaged genetic length of the
mapped portion of this chromosome from 63 to 98 cM and
decreased the mean intermarker interval to 5.4 cM. The number
of alleles per microsatellite marker locus on PHA18 ranges from
5 to 21, with a mean of 12. Heterozygosity at these loci ranges
from 0.48 to 0.93, with a mean estimated heterozygosity of
0.76.
Improved mapping of PHA5
The genetic linkage map of baboon chromosome 5 (PHA5),
the ortholog of human chromosome 4 (HSA4), is the third most
improved in comparison to the first-generation linkage map.
Whereas the earlier map contained 16 microsatellite marker
loci, 15 of which were mapped at 1000:1 odds [5], the current
map contains 20 markers mapped at this higher level of
confidence (a 33% increase; Fig. 3). Addition of the 5 higher
confidence markers (and dropping 1 less informative original
map marker) extended the coverage of this chromosome,
resulting in an increase in the estimated sex-averaged genetic
length of the mapped portion of PHA5 from 100 to 133 cM but
not dramatically changing the mean intermarker interval of
6.6 cM. The numbers of alleles per marker locus ranges from 6Fig. 3. Human microsatellite marker loci locations on genetic linkage map of baboo
indicated by double asterisks. “(Mfld)” indicates that the human microsatellite orderto 19, with the mean number of alleles of 12. The heterozygosity
estimates for these marker loci range from 0.68 to 0.90, with a
mean estimated heterozygosity equal to 0.80 (Fig. 3).
Discussion
The current baboon linkage map
We report an improved baboon linkage map that includes
additional microsatellite markers mapped to regions that
previously did not have sufficient marker density [5]. In
addition, markers from the original map that had relatively low
heterozygosity in the pedigreed baboon population were
replaced with new markers exhibiting greater heterozygosity.
For the purposes of QTL mapping, total baboon genetic map
coverage was calculated. To arrive at this value, the total
mapped genetic length was summed with map coverage for
the pter- and qter-most markers on each chromosome (10 cM
coverage at each chromosome end ×2 chromosomal ends ×20
autosomes = 400 cM) giving a baboon genetic map coverage
total of 2754. This total is 379 cM (16%) longer than our
previously reported baboon genetic map coverage [5]. We
attribute this observed increase in estimated genetic length of
the baboon autosomes to an increase in the number of
markers mapped (some beyond the range covered by the
original set) and improved locational information due to the
increase in numbers of genotyped animals, informative
meioses, and informative meioses with phase known. To
compare the mapped genetic length of baboon and human
maps, we summed the sex-average intermarker distances for
the subset of microsatellite markers used in the baboon mapn chromosome 5 (Pha 5) and human chromosome 4 (Hsa 4). New markers are
is based on the Marshfield Center for Human Genetics linkage map.
Table 1
Comparison of current and original baboon whole genome linkage maps:
changes in marker loci
Chromosome Added markers Improved localization a
PHA HSA N Symbol N Symbol
1 1 0 – 3 D1S215, D1S306,
D1S304
2 3 0 – 0 –
3 7/21 0 – 2 D7S2534, D7S480
4 6 1 D6S493 0 –
5 4 6 D4S2925, D4S2958,
D4S2931, D4S3248,
D4S3018, D4S1554
0 –
6 5 0 – 1 D5S418
7 14/15 2 D14S291, D14S561 1 D15S108
8 8 0 – 2 D8S351, D8S208
9 10 0 – 1 D10S611
10 20/22 0 – 1 D20S194
11 12 1 D12Q0003 0 –
12 2q 13 D2S377, D2S126,
D2S102, D2S360,
D2S133, D2S351,
D2S2276, D2S2344,
D2S2176, D2S2338,
D2S206
2 D2S150, D2S115
13 2p 2 D2S323, D2S2243 1 D2S144
14 11 0 – 2 D11S1349, D11S916
15 9 0 – 1 D9S905
16 17 0 – 0 –
17 13 0 – 0 –
18 18 9 D18S1153, D18S869,
D18S456, D18S1156,
D18S475, D18S499,
D18S1117, FIC1,
D18Pha1
19 19 0 – 1 D19S714
20 16 0 – 0 –
a Marker loci for which localizations have been substantively improved
compared to the original baboon linkage map [5]. PHA, Papio hamadryas;
HSA, Homo sapiens; N, number of markers.
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2354 cM (baboons)/2930 cM (humans) indicates that the
current genetic length of the baboon map is 82.7% as long as
the human map.
Mapping baboon QTL that would be difficult to study in human
families
The baboon genetic linkage map is a valuable tool for a
number of purposes, but its most common application has
been to locate and identify genes that influence common
human diseases. The most significant application of genome
scans and linkage analysis in nonhuman primates is the
mapping of genes (QTL) for phenotypes that would be
impractical or unethical to investigate in human families. One
such type of investigation is the study of phenotypes that
require precise control of environmental factors such as diet.
Rainwater et al. [27] showed that, among baboons, the
detailed changes in serum lipid and lipoprotein levels that
result from precise changes in diet have substantial heritabil-
ity. For example, individual variation among baboons in how
they respond to an increase in saturated fat in the diet is
influenced by genetic variation among the animals. The
research that led to that conclusion required many hundreds
of baboons that were members of large pedigreed families
and that underwent a dietary challenge protocol requiring
several months. A genome scan of this type for lipid and
lipoprotein responses to specific changes in dietary fat or
dietary cholesterol would not be practical in human families,
but the results from baboons are relevant directly to human
heart disease. Another study in baboons [28] has shown that
levels of monoamine neurotransmitter metabolites in cerebro-
spinal fluid are significantly heritable in baboons, and a
genome scan for QTL that influence serotonin, dopamine, and
norepinephrine levels is under way. Genetic control of
monoamine neurotransmitter variation is relevant directly to
the genetic risk of various psychiatric disorders, especially
clinical anxiety and depression. Because levels of neurotrans-
mitter metabolites are best measured in cerebrospinal fluid
drawn from the cisterna magna at the base of the brain, it
seems unlikely that large families of normal healthy human
volunteers would undergo this procedure, whereas collection
of cerebrospinal fluid from baboons is feasible. Consequently
mapping relevant QTL in baboons may point toward novel
candidate genes relevant to humans. French et al. [29]
examined urinary hormones in baboons immediately prior to
and following the birth of an infant. While similar studies of
women could be designed, it is unlikely that detailed study of
large numbers of pregnant women who could all be linked
into multigenerational families could be accomplished as
readily in women as it can be at the Southwest National
Primate Research Center colony of baboons. These and other
phenotypes under study in nonhuman primates demonstrate
that this approach can provide information regarding QTL
that is relevant directly to human health, but which would be
difficult or impossible to obtain directly from human family
studies.Continuing need for improvement of the baboon linkage map
The results presented here constitute a significant improve-
ment in the baboon genetic linkage map (Table 1). Despite the
substantial power of the current linkage map for QTL mapping
studies, opportunities remain to add additional power and
information to this tool. The number of loci mapped within
some chromosomal segments of the baboon genome is not
sufficiently high to provide optimal coverage. For example, the
p-arm of PHA17 (HSA13) is probably the most poorly covered
baboon autosomal region at this time, with all five markers
mapping to that chromosome's q-arm and leaving at least 35%
of that chromosome uncovered. Although the average inter-
marker interval on PHA17 is approximately 5 cM, the largest
intermarker gap is approximately 19 cM. The next most poorly
covered baboon chromosome is PHA9 (HSA10), with two
intermarker gaps of more than 20 cM and a third at
approximately 18 cM. Additionally, the X chromosome of the
baboon genome has not been mapped in detail. There currently
are two groups of syntenic markers on PHAX, three of which
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more than 64 Mb away in a region the HSAX q-arm.
Our goal of a baboon linkage map with no intermarker
intervals greater than 10 cM between syntenic loci will allow us
to take full advantage of the statistical genetic power inherent to
the large, extended baboon pedigrees for detecting, localizing,
and characterizing genes influencing quantitative variation in
complex phenotypes. For example, the additional markers on
PHA18 (HSA18) have dramatically improved (narrowed) the
support interval for a high-density lipoprotein-related QTL that
we have been pursuing vigorously for several years [30,31],
from an original estimate of more than 30 cM to approximately
15 cM now. Similarly, localization and identification of other
QTL in baboon chromosomal regions with rearrangements
relative to those observed in humans, such as the sodium–
lithium countertransport QTL on PHA5 [16], can and have been
facilitated by an increased density of marker loci. The addition
of polymorphic markers to the baboon genome map in regions
with average intermarker intervals larger than 10 cM and/or
containing structural rearrangements relative to the human
ortholog will increase information content for genome scans
and increase the value of the linkage map for various types of
analyses.
Methods
Pedigree structure
The 984 pedigreed baboons (649 females and 335 males) genotyped for the
creation of the original baboon whole genome linkage map and the current effort
were, for the purposes of marker mapping, organized into 11 extended
pedigrees. Each of these pedigrees is either three or four generations deep. This
noninbred pedigree configuration yields large numbers of pair-wise relation-
ships, which facilitate various genetic studies. The available relative pairs
include, but are not limited to, 1866 parent–offspring, 1116 sibling, 638
grandparent–grandchild, 238 avuncular, 14,649 great grandparent–great
grandchild, 4307 half-avuncular, 23 first cousin, 12 half-grand avuncular, 322
half-first cousin, and 48 half-first cousin once removed.
DNA extraction from lymphocytes and liver
For DNA extraction from lymphocytes, whole blood was collected into
vacutainer tubes containing EDTA as the anticoagulant. Samples were
centrifuged for 20 min at 3100 rpm and the layer of lymphocytes was removed
and transferred to a sterile tube. For DNA extraction from liver, the tissue was
homogenized in cold PBS and the homogenate was centrifuged for 20 min at
4400 rpm to remove particulate matter. The supernatant was transferred to a
sterile tube. For liver cells and lymphocytes, cells were lysed by incubation
overnight at 55°C with gentle agitation in 100 mM Tris, pH 8.0, 10 mM EDTA,
pH 8.0, 2% SDS, and 100 μg/ml proteinase K. DNA was extracted from the
digestion reaction twice with an equal volume of phenol and twice with an equal
volume of phenol/chloroform. DNA was precipitated using 0.1× volume 3 M
NaOAc, pH 6.5, and 2.5× volume absolute ethanol with centrifugation at
4400 rpm for 15 min. The DNA pellet was washed with 70% ethanol and
resuspended in ddH2O (adapted from [32]).
Microsatellite primers
In our efforts to improve the utility of both the genome linkage map and the
pedigreed baboon population for QTL analyses, we genotyped an additional 305
baboons at 284 microsatellite marker loci, nearly all of which were included in
the original baboon linkage map. Published human primers were used to amplify
homologous microsatellite loci from baboon genomic DNA samples. A list ofmarkers, their primer sequences, and other descriptive information is maintained
in the Primate Genomics Database and can be found at the Southwest National
Primate Research Center's Web site (http://www.snprc.org/baboon/genome/
index.html).
PCR and fluorescence genotyping
Microsatellite markers were amplified from baboon genomic DNA by PCR.
The forward primer for each microsatellite carried a fluorescent label.
Amplification reactions included 2 units of TaKaRa Taq polymerase (Shiga,
Japan), 1× TaKaRa buffer, 0.33 mM dNTP mix, 1 μM forward and reverse
primers, and 50 ng of baboon genomic DNA. MgCl2 concentrations were
optimized for each primer pair. PCR was performed with an initial denaturing
step of 5 min at 94°C followed by 35 cycles of 40 s denaturation at 94°C, 30 s
annealing, and 30 s extension at 72°C followed by a final 5-min extension at
72°C. Annealing temperatures were optimized for each primer pair. Genotypes
of baboons were determined through gel electrophoresis of the fluorescently
labeled PCR products in an ABI 377 automated sequencers with GeneScan
software (Applied Biosystems, Inc.) and analyzed using Genotyper software
(Applied Biosystems, Inc.).
Integration of previous data set with new genotypes
When merging data from animals included in this study with those from
animals genotyped by Rogers et al. [5], 50 DNA samples that were genotyped by
Rogers et al. [5] were included for genotyping the new data set. Genotypes from
the 50 controls were used to ensure consistent sizing and binning of PCR
products between the old and the new data sets.
Data cleaning and placement of markers in map
For the production of this newer version of the baboon whole genome
linkage map, genotype data for over 300 “human” microsatellite loci (simple
tandem repeats) and 7 novel baboon microsatellites were used in marker-to-
marker and multipoint linkage analyses. These analyses were facilitated by the
expert system program Multimap [33,34], which implements routines of the
computer program CRIMAP [35,36] to produce a meiotic recombination map
covering all 20 baboon autosomes and the X chromosome.
Identification and elimination of genotyping errors are critically important
tasks in any genome mapping project. We employed a three-phase approach for
processing genotype data and population-specific genetic map construction to
identify any latent pedigree and genotyping errors. The first phase entailed
identifying and eliminating any latent pedigree errors. While this issue has been
addressed routinely in the genetic management of the baboon breeding colony
from which the genotyped animals were derived and we did not expect major
pedigree errors, all raw genotype data were examined using routines
implemented in the computer programs PEDSYS [37] and RELPAIR [38,39].
We used these routines to estimate correlations between relative pairs based on
the probability that they share alleles that are identical-by-state (IBS) (i.e.,
probability that two relatives share an identical allele at a locus regardless of
ancestral source) at multiple loci. The relative pair genotype correlations and
IBS coefficients were compared to expectations based on presumed kinship of
the pair. If significant deviations indicative of likely pedigree errors were
observed, steps were taken to identify the source of the error (sample mix-up,
clerical errors, etc.) and to correct the error. Failing that, we would eliminate the
individual from the data set.
The second phase was a two-step process accomplished by means of the
computer program SimWalk2, as it has been implemented in the PEDSYS
program PRESWALK [33,34]. SimWalk2 employs a Markov-chain Monte
Carlo stochastic algorithm and descent paths to assess the probability of
genotype error at multiple loci in data from large pedigrees. In the first step, data
processing and cleaning were directed at detecting and eliminating Mendelian-
inconsistent errors. Genotypes inconsistent with Mendelian segregation were
blanked. Additionally, genotypes that were consistent with Mendelian
segregation, but highly improbable due to low relative allele frequencies in
the pedigree, also were eliminated. In the second step, we employed SimWalk2
to analyze genotype data for all marker loci on a chromosome to estimate the
probability of mistyping based on double recombination within a prescribed
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orders and distances, based on our first-generation baboon linkage map for
markers previously mapped and on published human physical maps for markers
not previously mapped in baboons. We then identified all individuals with at
least 25% probability of mistyping due to the presence of double recombination.
After eliminating the genotypes at those marker loci for those individuals we
repeated the process, paying particular attention to the presence, pattern, and
probabilities for remaining mistypings.
In the third phase, the processed genotype data were used to construct a new
baboon genetic marker map. We conducted marker-to-marker linkage analyses
using the expert system program Multimap [33,34], which implements routines
of the computer program CRIMAP [35,36] to determine the locations of the
markers and their recombination distances from other markers within the current
baboon genome map. These routines evaluate new map orders and distances by
comparison of the log10 likelihoods of alternative orders obtained after
permuting an n-tuple (n ≥ 2) of adjacent loci within the original reference locus
order. The criterion for unambiguous placement of a marker locus into the initial
framework map of the baboon genome was a log10 odds ratio or lod score of 3;
this score is associated with the 1000:1 odds to which we refer in the text. Then,
the above mapping process was repeated to fit the remaining markers—i.e.,
those unambiguously mapped at 100:1 odds—into the baboon linkage map for
each chromosome.
Relying upon the marker orders used in the second phase above, we used the
computer program CRIMAP, implemented within the MultiMap expert systems
shell, to estimate distances between marker loci. Additionally, the CRIMAP
routine CHROMPIC was employed to conduct a second independent check for
remaining double recombinants. If some were disclosed, we repeated the
application of SimWalk2 procedures to genotype data for that chromosome, with
more stringent error thresholds, until the CHROMPIC procedures detected no
double recombinants.
In some cases, a locus did not meet these stringent criteria for unambiguous
localization; i.e., evidence for its localization on either the pter or the qter side
of another unambiguously mapped marker was statistically equivocal. In these
cases, we assigned marker loci to chromosomal regions, rather than to specific
locations. We made such assignments only if we could reject linkage of the
marker locus in question to all other autosomal regions (results of the
maximum likelihood analyses in CRIMAP) and if the chromosomal region
indicated accorded with our expectations from published human maps. While
these markers are not used in construction of multipoint linkage maps for
statistical genetic analyses and QTL localization, they could have utility in
locus-specific (also referred to as “two-point” and “single-point”) linkage
analyses and future efforts to improve the linkage map for a particular baboon
chromosome.
Comparison of the baboon linkage map with the human linkage map
We used human linkage maps obtained from the Marshfield Center for
Human Genetics (http://research.marshfieldclinic.org/genetics/) for comparison
with the baboon linkage map orders and location. We also have referred to the
deCODE linkage maps and Broad (formerly Whitehead Institute) radiation
hybrid maps to confirm human marker orders. For the human markers used in
our baboon maps, there are no conflicts regarding human marker order between
Marshfield and deCODE maps. Tests of rearranged microsatellite orders in a
baboon chromosomal region relative to those in its human ortholog were done
by means of likelihood ratio tests. In these tests we used CRIMAP routines to
create and estimate the maximum loge likelihoods for alternate models of marker
order on a chromosome. We compared the maximum loge likelihood obtained
when the microsatellite marker loci were constrained to the human order to that
associated with the best unconstrained order. Twice the difference in these loge
likelihoods was distributed approximately asymptotically as a χ2 with degrees
of freedom equal to the difference in the number of estimated parameters (in this
case, fixed marker locations) in the two chromosomes.
Calculating the length of the baboon genome
To calculate the total mapped genetic length, the sex-averaged intermarker
distances for all ordered autosomal loci were summed. This method was
employed in our previous report on a baboon linkage map [5].Acknowledgments
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